F ACT O RIZ ATI O N 



Factorisation: If a polynomial p(x) 
can be expressed as p(x) = g(x) h (x), 
then each of the polynomials g(x) 
and h(x) is called a factor of p(x). 

The process of flnding the factors is 
called factorization. 

(a) Factorization of the Expression 

of the type ka + kb + kc. 


Factorize 5a-5b+5c 


Solution 


5a ~ 5b + 5c = 5(a - b + c) 
Factorize 5a - 5 b - 15c 


Solution:! 


5a -5b -I5c = 5(a - b - 3c) 

(b) Factorization of the Expression 
of the type ac + ad + bc + bd 

We can write ac + ad + bc + bd as 
(ac + ad) + (bc + db) 

=a(c + d) + b(c + d) 

=(a + b) (c + d) 

ssehe 

Factorize 3x - 3a + xy - ay 

USB 

Regrouping the terms of given 
polynomial 

3x + xy -3a - ay = x(3 + y) - a (3 + y) 



Factorize pqr + qr 2 -pr 2 -r* 


Sohition: 


The given expression = r (pq+qr-pr-r 2 ) 

= r[(pq + qr)~ pr-r 2 ^ 

= r[q(p + r)-r(p + r) J 
=-r(p + r)(q~r) 

(c) Factorization of the Expression 
of the type a 2 ± 2 ab + b 2 . 

We know that 

(i) a 2 + 2ab + b 2 = (a+b) 2 = (a+b) (a+b) 

(ii) a 2 - 2 ab+b 2 = (a - b) 2 = (a - b) (a - b) 

Factorization 25x 2 +16+40x. 


Solution: 


25x 2 +40x+ 1 6 =(5x) 2 + 2(5x)(4) + (4) 2 
= (5x+4) 2 

= (5x+4) (5x+4) 

Factorize 1 2x 2 ~36x+27 


Solution:) 


1 2x 2 - 36x + 27 - 3(4jc 2 - 1 2x + 9) 

= 3[(2x) 2 — 2(2x)(3) + (3) 2 ] 
= 3(2x-3) 2 
- 3(2x - 3) (2 jc - 3) 


= (3 + y) (x - a) 

(d) Factorization of the Expression of the type a 2 - b 2 

Factorize 


Examp] 







Solution! 


(i) 4x (i) 2 * ~(2y - z) 2 (ii) 6x 4 -96 
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(i) 4x 2 -(2y-z) 2 = (2x) 2 —(2y - z) 2 

= [2x- (2y - z)][2x + (2y - z)] 

-C 2x-2y+z)(2x+2y-z) 

(ii) 6x 4 -96 = 6(x 4 — 16) 

= 6[(jc 2 ) 2 -(4) 2 ] 

= 6(x 2 — 4)(x 2 +4) 

= 6[(x) 2 -(2) 2 ](x 2 +4) 

= 6(jc - 2)(x + 2)(x 2 + 4) 

(e) Factorization of the Expression of the types a 2 ± 2ab + b 2 - c 2 . 

We know that 

« 2 ±2 ab + b 2 -c 2 ~{a±b) 2 ~{c) 2 ~(a±b-c)(a±b + c) 

ESOffiRB 

Factorize (i) x 2 +6* + 9-4y 2 


(ii) 1 + 2 ab —a 2 —b 2 


|Soluti<m:| 


(i) 

x 2 +6x+9-4y 2 = (x+3) 2 -\2y) 2 


= (x+3+ 2y)(x+3-2y) 

(ü) 

1 + 2 ab-a 2 -b 2 ~l-(a 2 -2ab+b 2 ) 


= (l) 2 -(a-b) z 
= [l-(a-b)][l + («-*)] 
= (l-a+b)(l+a-b) 


Factorize 


(i) 2abc - 4abx + 2abd 

=2ab(c-2x+d) 

(ii) 9xy-12x 2 y + 18y 2 


Exercise 5.1 


=3y(3x-4x 2 +6y) 

(iii) -3x 2 y-3x+9xy 2 
=-3x(xy+l-3y 2 ) 









(iv) 5ab 2 c 3 - 1 Oa 2 b 3 c + 20a 3 bc 2 
= 5abc (bc 2 — 2ab 2 +4a 2 c) 

(v) 3x 3 y(x-3y)-7x 2 y 2 (x-3y) 
(x -3y)(3x 3 y-7x 2 y 2 ) 
(x-3y).x 2 y(3x-7y) 
x 2 y(x-3y)(3x-7y) 

(vi) 2xy 3 (x 2 +5)+8xy^ (x 2 +5) 
(x 2 + 5)(2xy 3 + 8xy 2 ) 

(x 2 +5) 2xy 2 (y + 4) 

= 2xy 2 (x 2 + 5) ( y + 4) 

Q.2 (i) 5ax-3ay-5bx+3by 

= 5ax -- 5bx ~ 3ay + 3by 
=5x (a - b) - 3y ( a - b) 

=(a— b)(5x— 3y) 

(ii) 3xy + 2y-12x-8 
=3xy-12x + 2y-8 
=3x(y-4)+2(y-4) 
=(y-4)(3x+2) 

(iii) x 3 +3xy 2 -2x 2 y-6y 3 
= x 3 -2x 2 y + 3xy 2 -6y 3 

— x 2 (x-2y) + 3y 2 ( x-2y) 
=(x-2y) (x 2 +3y 2 ) 

(iv) (x 2 -y 2 )z+(y 2 -z 2 )x 

7 7 2 2 

= x z-y z+y x-z x 

7 7Ï7 7 

= x z z x + y x-y“z 
= xz(x-z) + y 2 (x-z) 
=(x-z)(xz + y 2 ) 

Q.3 (i) 144a 2 + 24a +1 

=(12a) 2 + 2(1 2a)(l)+(l) 2 


(ü) 


(iii) 


(iv) 


=(12a + l) 2 
=(12a+l)(12a+l) 



aVb) fb\ 


Vb, 


\bj\nj \aj 


^ a _b ^ 2 
(b a. 


a b ¥ a_b^ 

^b aJvb a j 

(x + y) 2 -~]4z(x + y)+49z 2 

=(x + y) 2 -2(x + y) (7z)+(7z) 2 

=(x + y— 7z) 2 

=(x + y-7z)(x + y-7z) 

12x 2 -36x + 27 
=3(4x 2 — I2x+9) 


V 


t 


=3[(2x) 2 -2(2x)(3)+(3) 2 ] 

=3(2x-3) 2 

=3(2x-3)(2x-3) 

Q.4 (i) 3x 2 -75 y 2 

=3(x 2 -25y 2 ) 
=3[(x) 2 -(5y) 2 ] 

=3(x+5y)(x-5y) 

(ii) x(x-l)-y(y-l) 

= x 2 -x-y 2 + y 

= x 2 -y 2 -x + y 
=(x+y)(x-y)-l(x-y) 
=(x-y)(x + y-l) 


t 



(iü) 


(iv) 


Q.5 



(iii) 


I28am 2 — 242an 2 


=2a (64m 2 -121n 2 ) 
=2a[(8m) 2 -(11n) 2 ] 

= 2a(8m+lln)(8m-lln) 
3x-243x 3 


=3x(l-81x 2 ) 

=3x[(1) 2 -(9x) 2 


=3x(l+9x)(l-9x) 

(i) x 2 -y 2 ~6y-9 

= x 2 -(y 2 +6y+9) 

= x 2 -[(y) 2 +2(y)(3) + (3) 2 ' 

=(x) 2 -(y+3) 2 

=[(x) + (y+3)][(x)-(y + 3)] 

=(x+y+3)(x-y-3) 

x 2 -a 2 +2a-l 

= x 2 -(a 2 -2a+1) 

=(x) 2 -(a-l) 2 



=[(x)+(a-l)][(x)-(a-l)] 
— (x+a— l)(x-a+l) 


4x 2 — y 2 -2y-l 
=4x 2 -(y 2 +2y +1) 
=(2x) 2 -(y+l) 2 
=[(2x)+(y+l)][(2x-(y+l)] 
=(2x + y+1)(2x-y-l) 
x 2 — y 2 -4x-2y+3 
=x 2 -y 2 -4x-2y+4-l 


=x 2 -4x+4-y 2 — 2y-l 

=(x) 2 -2(x)(2)+(2) 2 -(y 2 +2y + l) 

=(x-2) 2 -(y+l) 2 

=[(x-2) + (y + l)][(x-2)-(y + l)] 

=(x— 2+y+l) (x-2-y-I) 

=(x + y-l)(x-y-3) 

(v) 25x 2 — 10x+1 -36z 2 
=(5x) 2 -2(5x)(l) + (l) 2 -(6x) 2 
=(5x-l) 2 - (6z) 2 
=[(5x-l)+(6z)j[(5x“I.)-(6z)] 
=(5x-1+6z)(5x-l-6z) 

=(5x + 6z-l)(5x-6z-I) 

(vi) x 2 -y 2 -4xz+4z 2 
= x 2 -4xz+4z 2 -y 2 

= (x) 2 - 2(x) ( 2z) + (2z) 2 - (y) 2 

=(x— 2z) 2 — (y) 2 

=[(x - 2z) + (y)][(x - 2z) -(y)] 

=(x-2z+y)(x-2z-y) 

(a) Factorization of the Expression 

of types a 4 +a 2 b 2 + b 4 or a 4 + 4b 4 

Factorization of such types 
of expression is explained in the foliowing 
examples. 

Factorize 8bc 4 + 36x 2 y 2 +16y 4 


Solution 


8 1 x 4 + 36x 2 y 2 + 1 6y 4 
= (9x 2 ) 2 +72x 2 y 2 + (4y 2 ) 2 -36x 2 y 2 
= (9* 2 ) 2 +(4y 2 ) 2 +2(9x 2 )(4y 2 )-36x 2 y 2 


(iv) 



= (9x 2 + 4y 2 ) 2 ~(6xy) 2 
= (9x 2 + 4 y 2 + 6xv) (9x 2 + 4 y 2 — 6xy) 

= (9x 2 + 6 xy + 4 y 2 )(9x 2 - 6 xy + 4 y 2 ) 

H3ÜE 

Factorize 9x 4 +36y 4 
9 ,ï 4 + 36 >’ 4 

=9x 4 + 36 v 4 + 36x 2 y 2 -36x 2 y 2 

= (3x 2 ) 2 + 2(3x 2 )(6 v 2 ) + (6/ ) 2 - (6xy) 2 
= (3x 2 +6y 2 ) 2 -(6xy) 2 
- (3x 2 + 6 v 2 + 6xy)(3x 2 + 6 y 2 - 6xy) 

= (3x 2 + 6xy + 6 v 2 )(3x 2 - 6xy + 6 y 2 ) 

(b) Factorization of the Expression 

'j 

of the type x 4- px + q . 

SŒE 

Factorise (i) x 2 — 7x+ 1 2 
(ii) x 2 +15x— 36 

MSM 

(i) x 2 -7x + 12 

p roin the factors of 12 the suitable pair of 
numbers is —3 and -4 since 
(-3) + (-4) = -7 and (-3) (-4) = 1 2 

Hence x 2 — 7x+12 = x 2 — 3x-4x+12 
= x(x— 3)-4(x-3) 

=(x-3)(x-4) 

(ii) x 2 +5x~36 

From the possible factors of 36, the 
suitable pair is 9 and -4 because 
9 + (-4) = 5 and 9xM) = -36 

Hence x 2 + 5x — 36 = x 2 + 9x — 4x — 36 

= x(x + 9) - 4(x + 9) 

= (x+9)(x-4) 


(c) Factorization of the Expression of 
the type ax 2 + bx + c, a * 0 

Factor i zc (i) 9x 2 + 2 1 x - 8 

(ii) 2x 2 - 8x - 42 

(iii) 1 Ox 2 - 4 lxv + 2 ly 2 


Solution: 


(i) 9x 2 + 21x-8 

In this case, on comparing with 

ax 2 + bx + c , ac = (9)(-8) = -72 . 
From the possible factors of 72 the 
suitable pair of numbers (with 
proper sign) is 24 and —3 whose 
Sum = 24 + (-3) = 21, (the 

coefficient of x) 

And their product = (24) (—3) = 
-72 = ac 

Hence 9x 2 +21x-8 

- 9x 2 + 24x — 3x - 8 
= 3x(3x + 8) - l(3x + 8) 

= (3x+8)(3x — 1) 

(ii) 2x 2 — 8x — 42 = 2(x 2 — 4x — 2 1) 
Comparing 

x 2 - 4x — 2 1 with ax 2 + bx + c 

We hâve ac = (+1) (-21) = -21 
From the possible factors of 2 1 the 
suitable pair of numbers is ~7 and 
+3 whose 

Sum =-7+3 =-4 and product =(— 7)(3>— — 2 1 
Hence x 2 — 4x-21 

= x 2 +3x— 7x— 21 
= x(x + 3) - 7(x + 3) 



= (x+3)(x— 7) 


Hence 2x 2 - 8x -42- 2(x 2 - 4x — 2 1) 
= 2(x+3)(x-7) 


(iii) 10x 2 -41xy + 21y 2 

Here ac = (10) (21) =2 10 

Two suitable factors of 210 arc -35 and -6. 

Their sum = -35 -6 = -41 
And product = (-35) (-6) = 210 

Hence 10x 2 -41xy + 2 ly 2 

= 10x 2 - 35xy - 6xy + 21 y 2 
= 5x(2x-7y)-3y(2x-7y) 

= (2x -ly) (5x — 3y) 

(d) Factorization of the following types of Expressions. 

(ax 2 + b + c) ( ax 2 +bx + d) + k 
(x + a)(x + b)(x + c)(x + d) + k 

(x + a) (x + b) (x + c) (x + d) + kx 2 

Factorize (x 2 - 4x -5)(x 2 - 4x - 12) - 1 44 

(x 2 - 4x - 5) (x 2 - 4x - 12) - 144 
Let y = x 2 - 4x . Then 

(y-5)(y-12)-144 = y 2 —17y + 60-144 

= y 2 - 1.7y-84 

= y 2 -21y + 4y-84 
= y(y-21) + 4(y-21) 

= (y— 21) (y +4) 

= (x 2 - 4x - 21) (x 2 - 4x + 4) {Since y = x 2 
= (x 2 - 7x + 3x - 2 1) [(x) 2 - 2(x)(2) + (2) 2 ] 

= [x(x - 7) + 3 (x— 7)] (x - 2) 2 
= (x-7) (x+3)(x-2) (x-2) 


v 


-4x) 


Factorize 

(x+l)(x+2)(x+3)(x+4)-120 


Solution: 


We observe that 1+4=2+ 3. 

It suggests that we rewrite the given 
expression as 

[(x + 1) U + 4)] [(x + 2) (x + 3)] - 1 20 
(x 2 + 5x + 4) ( x 2 + 5x + 6)-120 
Lctx 2 + 5 x=y, thcn 
We get (y + 4) (y + 6) - i 20 
= y 1 + 10y + 24-120 
= y 2 +10y-96 ^ 

= y 2 + 16y-6y-96 
= y(y+16)-6(y + 16) 

= (y+16)(y-6) 

= (x 2 + 5* +16) (x 2 + 5x- 6) (since y = x 2 + 5x) 
= (x 2 +5x + 16)[x 2 +6x-x-6)] 

= (x 2 +5x + 16)[(x + 6)-l(x + 6)] 

= (x 2 + 5x + 1 6) (x + 6) (x - 1) 


Factorize (x 2 - 5x + 6) (x 2 + 5x + 6) - 2x 2 


LSolutiôn: 


(x 2 - 5x + 6) (x 2 + Sx + 6) — 2x 2 
= |^x 2 -3x-2x + 6^x 2 + 3x + 2x + ôj-2x 2 
= [ x(x - 3) - 2(x - 3)] [x(x + 3) + 2(x + 3)] - 2 a 2 
= [(x - 3) (x - 2)][(x + 3) (x+ 2] - 2x 2 
= [ (x - 2)(x + 2)] [ (x - 3) (x + 3) ] - 2x 2 
= (x 2 - 4) (x 2 - 9) - 2x 2 


= x 4 - 1 3x 2 + 36 - 2x 2 
= x 4 -15x 2 + 36 
= x 4 ~ 12x 2 — 3x 2 + 36 
= x 2 (x 2 - 1 2) - 3(x 2 - 12) 


= (x 2 —12) (x 2 -3) 

= [(x) 2 - (2 n/ 3) 2 ] [(x) 2 - (y/3) 2 ] 

= (x—2\l3) (x + 2%/3)(x-‘v/3) (x + \[3) 


(e) Factorization of Expressions of 
the following Types 

a 3 +3 a 2 b + 3 ab 2 + b 3 

a 3 -3a 2 b + 3ab 2 - b 2 



Factorize x 3 -8y 3 -6x"y + 12xy 2 


Solution: 


x 3 - 8y 3 - 6x 2 y + 12xy 2 
= (x) 3 - (2y) 3 - 3(x) 2 (2y) + 3(x)(2y) 2 
= (x) 3 -3(x) 2 (2y) + 3(x)(2y) 2 -(2y) 3 
= (x — 2y) 3 

= (x - 2y)(x - 2y)(x - 2y) 

(d) Factorization of Expressions of 
the following types a 3 ± b 3 

We recall the formulas. 


a 3 +b 3 = (a + b)(a 2 -ab + b 2 ) 
a 3 —b 3 = (a — b)(a 2 +ab + b 2 ) 


Factorize 27 x 3 + 64 y 3 


27 x 3 +64 y 3 =(3x) 3 +(4y) 3 

= (3x + 4y)[(3x) 2 - (3x)(4y) + (4y) 2 
= ( 3x + 4y)(9x 2 -12xy + 16y 2 ) 






^ a 

Factorizc 1 -12nx 


LSolution 


1 - 25jc 3 =(I) 3 -(5x) 3 


=(I-5a)[(I) 2 +(1)(5x) + (5x) 2 
= (1 — 5x) (1 + 5x4 25x 2 ) 


Exercise 5.2 


Q.l 

(i) 


Factorize 


x 4 +— --3 
x 4 


= x 4 +— - — 2—1 
x 4 




O 

0 

xV 


(ir 


2 1 i V 2 1 -, 

L 2 +1 X 2 _1 
V X ) V x 


(ii) 3x 4 +12y 4 

=3(x 4 +4y 4 ) 

=3[(x 2 ) 2 +(2y 2 ) 2 +2(x 2 )(2y 2 )-4x 2 y 2 ] 
=3[(x 2 + 2y 2 ) 2 -(2xy) 2 ] 


=3(x 2 +2y 2 + 2xy)(x 2 + 2y 2 -2xy) 
=3(x 2 4-2xy+2y 2 )(x 2 — 2xy+2y 2 ) 

(iii) a 4 +3a 2 b 2 +4b 4 

a 4 + 4a 2 b 2 +4b 4 -a 2 b 2 
=(a 2 ) 2 + 2(a 2 )(2b 2 )+(2b 2 ) 2 - a 2 b 2 
=(a 2 +2b 2 ) 2 -(ab) 2 
= (a 2 + 2b 2 + ab) (a 2 + 2b 2 - ab) 
=(a 2 +ab+2b 2 )(a 2 -ab + 2b 2 ) 


(iv) 4x 4 +81 

=(2x 2 ) 2 +(9) 2 +2(2x 2 )(9)-36x 

=(2x 2 +9) 2 -(6 x) 2 
=(2x 2 +9+6x)(2x 2 +9-6x) 

= (2x 2 +6x+9)(2x 2 — 6x+9) 

(v) x 4 + x 2 + 25 

=(x 2 ) 2 + 2(x 2 )(5)+(5) 2 -9x 2 
=(x 2 +5) 2 -(3 x) 2 
=(x 2 +5+3x)(x 2 +5~3x) 

=(x 2 +3x+5)(x 2 -3x+5) 

^vi) x 4 +4x 2 + 16 

=(x 2 ) 2 +2(x 2 )(4)+(4) 2 -4x 2 

=(x 2 +4) 2 — (2x) 2 

=(x 2 +4+2x)(x 2 +4-2x) 

=(x 2 4 2.x 44) (x 2 -2x +4) 

Q.2 (j) x 2 +14x448 

— x 2 -i 6x +8x 4 48 

=x(x+6)+8(x+6) 

=(x+6)(x+8) 

(ii) x 2 -21x v i.08 

= x 2 -9x -12X+108 


=x(x-9)-12(x— 9) 






=(x-9)(x-12) 

(iii) x 2 -11x-42 

= x 2 +3x-14x-42 

=x(x+3)-14(x+3) 

=(x+3)(x-14) 

(iv) x 2 + X-132 

= x 2 +12x-11x-132 
=x(x + 12)-ll(x+12) 
=(x+12)(x-11) 

Q.3 (i) 4x 2 +12x+5 

=4x 2 +2x + I0x+5 

=2x(2x+1)+5(2x+1) 

=(2x+l)(2x+5) 

(ii) 30 x 2 +7x-I5 

=30x 2 + 25x-I8x-15 
=5x (6x +5)-3(6x +5) 
=(6x+5) (5x-3) 

(iii) 24 x 2 -65x + 21 

= 24x 2 - 56 x - 9.v + 2 1 
=8x (3x-7)-3(3x-7) 
=(3x-7)(8x-3) 

(iv) 5x 2 ~16x— 21 
=5x 2 +5x-21x-21 
=5x(x+l)-21(x+l) 
=(x+l)(5x— 21) 

(v) 4x 2 -17xy+4y 2 

= 4x 2 - 1 6xy -xy + 4 y 2 
=4x(x-4y)-y(x— 4y) 
=(x-4y)(4x-y) 


(vi) 3x 2 -38xy-13y 2 

=3x 2 -39xy+xy-13y 2 
=3x(x-13y) + y(x-13y) 
=(x-13y)(3x + y) 

(viî) 5x 2 + 33xy-14y 2 

=5x 2 +35xy-2xy -i4y 2 
=5x(x+7y)-2y(x+7y) 
=(x+7y)(5x-2y) 


( viii) 


+4 


(, 0 

5x — 

=r 5 x-i 


's.-I + 2 

X 


5x- 


n 


4-4 


V 


f / 

'îx-i] 

+ 2 

J ^ 

v X) 


(2)+(2 y 


Q.4 (i) 

1* 


5x--+2N5x--+2 


(x 2 +5x+4)(x 2 +5x+6)-3 


Let 

then 


x +5x = y 


(x 2 +5x+4)(x 2 +5x+6)-3 
=(y+4)(y+6)-3 

=y 2 +4y+6y+24-3 
= y 2 +10y+21 

= y 2 +3y+7y+2I 

=y(y+3)+7(y+3) 

=(y+3)(y+7) 

Putting value of y 

=(x 2 +5x+3)(x 2 +5x+7) 

(ii) (x 2 ~4x)(x 2 -4x-l)-20 


Let 

then 


x 2 -4x = y 

(x 2 — 4x)(x 2 -4x~l)— 20 
=y(y-i)-20 

=y 2 -y-20 

-y 2 +4y-5y— 20 
= y(y+4)-5(y +4) 
=(y+4)(y-5) 

Putting value of y 

=(x 2 -4x+4){x 2 ~4x -5) 

=[(x) 2 -2(x)(2) + (2) 2 ][x 2 + x-5x-5j 

= (x-2) 2 [x(x + l)-5(x+1)] 

=(x-2) 2 (x + 1)(x-5) 

(iii) (x + 2) ( x+ 3) (x +4) (x +5) -15 

=[(x + 2) (x + 5)] [( x +3) (x + 4)] -1 5 
=(x 2 +2x+5x+10)(x 2 +3x+4x+12)-I5 
— (x 2 +7x + IO)(x 2 + 7x+12) -15 
Let x 2 +7x = y 

=(y+10)(y+12)-15 

=y 2 + !0y+12y+ 120-15 
= y 2 +22y+105 

= y 2 +7y + 15y + 105 
-y(y +7)-*-i 5(^+7) 
=(y+7)(y+15) 

Putting value of 'y' 

(x 2 +7x+7)(x 2 +7x + 15) 

C*v) (x+4)(x— 5)(x+6)(x-7)-504 
= (x 2 +4x— 5x-20)(x 2 +6x— 7x-42)— 504 
= (x 2 — x — 20)(x 2 -x-42)-504 


Let x 2 -x = y 

= (y - 20) (y - 42) -504 


= y 2 - 20y - 42y + 840 - 504 
= y 2 — 62y+336 

= y 2 -6y-56y+336 
=y(y-6)-56(y-6) 
=(y-6)(y-56) 

Putting value of ’y ' 


(v) 




Let 


=(x 2 -x-6)(x 2 -x-56) 
=(x 2 +2x-3x-6)(x 2 +7x-8x-56) 
=[x(x+2)-3(x+2)][x(x+7)-8(x+7)] 
=(x + 2)(x-3)(x + 7)(x-8) 

(x + i)(x + 2)(x+3) (x + 6)— 3x 2 
=(x+l)(x +6)(x+2)(x +3) -3x 2 


=(x 2 + x+6x+6)(x 2 +2x+3x+6)-3x 2 
=(x 2 +6+7x) (x 2 +6+5x)-3x 2 
x 2 r 

=— 2 [(x 2 +6+7x)(x 2 +6+5x)-3x ; 


-X 


(x 2 +6-f7x)(x 2 +6+5x) 3 x 3 


=• x 


2 


IY 6 

^ 6 ^ 

x + — +7 

x H h 5 —3 

V X J 

V x J 


6 

XH — = y 
X 


= x 2 [(y + 7)(y + 5)-3] 

= x 2 ( y 2 +7y+5y + 35— 3) 
=x 2 (y 2 + I2y+32) 

= x' u (y +4y+8y+32) 
=x 2 [y(y34) + 8(y + 4)] 
~x 2 (y +4) (y +8) 


Pulling value of y 


- x 


6 . 
x+— +4 


''fx+— +8 


J 


fl 


x" +4x+6 


V„ 2 


A 


x +8x + 6 


,\ 


(x 2 + 4x + 6) (x 2 + 8x + 6) 


=(x 2 +4x+6)(x 2 +8x+6) 

Q.5 

(i) x 3 +48x-I2x 2 -64 
=x 3 -12x 2 +48x-64 

= (x ) 3 - 3( x 2 )(4) + 3(x )(4) 2 — (4) 3 
=(x-4) 3 

=(x-4)(x-4)(x-4) 

(ii) 8x 3 + 60x 2 + 150x+I25 

=(2x) 3 +3(2x) 2 (5)+3(2x)(5) 2 + (5) 3 
=(2x + 5) 3 

= (2x + 5) (2x + 5) ( 2x + 5) 

(iii) x 3 -18x 2 +108x-2l6 

= (x) 3 - 3(x ) 2 (6) + 3(x)(6) 2 - (6) 3 
=(x-6) 3 

=(x-6)(x— 6)(x-6) 

(iv) 8x 3 -125y 3 -60x 2 y+150xy 2 
=8x 3 -60x 2 y + 150xy 2 -125y 3 

=(2x) 3 -3(2x) 2 (5y)+3(2x)(5y) 2 -(5y) 3 
= (2x-5y) 3 

=(2x -5y) (2x — 5y) (2x — 5y) 

Q.6 (i) 27+8x 3 

= (3) 3 + (2x) 3 

= (3 + 2x)[(3) 2 -(3)(2x) + (2x) 2 ~ 
=(3+2x)(9— 6 x+4x 2 ) 


or = (2x + 3)(4x 2 - 6x + 9) 

(ii) 125x 3 — 216y 3 
=(5x) 3 -(6y) 3 

=(5x-6y)[(5x) 2 + (5x)(6y)+(6y) 2 ] 
=(5x.-6y)(25x 2 +30xy+36y 2 ) 

(iii) 64x 3 +27y 3 
-(4.x) 3 +(3y) 3 

= (4x +3y)[(4x) 2 -(4x)(3y)+(3y) 2 ] 

=(4x + 3y)(16x 2 -12xy+9y 2 ) 

(iv) 8x 3 +125y 3 

=(2x) 3 +(5y) 3 ■ t 

= (2x + 5y) [(2x) 2 - (2x)(5y) + (5y ) 2 ] 

=(2x+5y)(4x 2 -10xy + 25y 2 ) 


Remainder Theoreird 


If a polynomial p(x) is divided by a 
linear divisor {x -a), then thc remainder 

jMKo)- 


l£roo 


Let q(x) be the quotient obtained 
after dividing p{x) by(x—a) . But the 
divisor (x-a) is linear. So the remainder 
must be of degree zéro i.e., a non-zero 
constant, say R. Consequently, by division 
Algorithm we may write. 
p(x ) ~(x-a)q(x)+R 

This is an identity in x and so is 
true for ail real numbers x . In particular, 
it is true for x-a . Therefore, 

p(à) = (a-a)q(a) + R -Q+R = R 
i.e., p(a)= the remainder. 

Hcnce the thcorem. 

Note: Similarly, if the divisor is (ax-b), 
wc hâve 

p{x) = (ax-b)q(x) + R 




Substituting x- — so that ax - b = 0, 


0. 


r h \ 


\a) 


+ /?=0+R = R 


we obtain 

(b' 

P - 
V« 

Thus if the divisor is linear, the 
above theorem provides an efficient way 
of finding the remainder without being 
involved in the process of long division. 

To find remainder (without dividing) 
when a polynomial is divided by a 
Linear Polynomial 


9x 7 


x+3 \> 
x 


Find the remainder when 

6x + 2 is divided by 
(i) x~3 (ii) 

(ii i) 3 * +1 (iv) 

LIBIBlUfTH 

Let p(x) = 9x 2 — 6x + 2 

(i) When p(: c)is divided by x-3, by 
Remainder ïheoreih, the 
remainder is: 

R = p( 3)=9(3) 2 - 6(3) + 2 = 65 
- 9(9) -18 + 2 
P(3) = 81-16 
= 65 

(ii) When p(x) is divided by 

a +3 = x — (—3) , the remainder is 

p(-3) = 9(~3) 2 - 6(-3) + 2 
= 9(9) + 18 + 2 
= 81+20=101 

When p(x)is divided by 3 a + 1 , 
the remainder is 


R 


(üi) 


R = p 


n 

( n 

2 f 0 


= 9 -- 

-6 - - 

V 3, 

l 3 J 

l y 


+ 2 = 5 


(iv) When p(x) is divided by x , the 
remainder is 

R = p ( 0) = 9 (O) 2 - 6(0) + 2 = 2 

Find the value of k is the 

•2 2 

expression x +kx + 3x - 4 leaves a 
remainder of —2 when divided by x + 2 . 


Solution: 


O 

Let p(x) = x' + -f 3x — 4 . 

By the remainder Theorem, when p(x) is 
divided by x+2 = x-(— 2), the remainder 
is: 

p(-2) = (-2) 3 + *(- 2) 2 + 3 (-2) - 4 
= -8 + 4it-6-4 
= 4* -18 

By the given condition, we bave 
p(-2) — —2 =z> 4* -18 = -2 

zz> k=4 

5.2.3 Zéro of a polynomial 

If a spécifie number x = a is substituted 
foi a variable x in a polynomial p(x) so 
that the value /?(a)is zéro, then x-a is 
called a zéro of the polynomial pix) . 


Factor Theorem! 


The polynomial (x-a) is a factor 
of the polynomial p(x ) if and only if 
p(a) = 0 . 


Proof: 


Let q(x) be the quotient and R the 
remainder when a polynomial p(x) is 
divided by ( x—a ). Then by division 
Algorithm, 

p(x) = (a - a)q(x) + R 
By the Remainder Theorem, R = p(a). 





(i) 


(ii) 


Hence p(x) = (x - a)q(x) + p(a) 
Now if p(a) = 0, then 
p(x)=(x-a)q(x) 
i.e., (x - a) is a factor of p{x) . 
Convcrsely, if(x-a) is a factor of 
p(x), then the rcmainder upon 
dividing p(x) by (x - à) must be 
zéro i.e., p(a) = 0. 


Détermine if (x-2)is a factor of 
x 3 - 4x 2 + 3x + 2. 

Lct 


p(x) = x 3 - 4x 2 + 3x + 2 
Then thc remainder for (x-2) is: 

P(2) = (2) 3 - 4(2) 2 + 3(2) + 2 
= 8-16 + 6 + 2 = 0 


Hence by Factor Theorem, (x-2) 
is a factor of the polynomial p(x). 

laMWTffifll 

Find a polynomial p(x) of degree 3 
that has 2, —1 , and 3 as zéros (i.e., roots). 

Since x = 2,— 1,3 arc roots of 
p(x) ~ 0 . 

So by Factor theorem 
(x — 2), (x + 1) and (x — 3) are the factors 
of p(x). 

Thus p(x) ~a(x- 2)(x + l)(x - 3) 

Whcrc any non-zero value can bc assigned 
to a. 

Taking a = 1, wc get 

p(x) = (x - 2)(x + l)(x — 3) 

= x 3 - 4x 2 + x + 6 as the 
required polynomial. 


\3Z3*$ 




Q.l Use the remainder theorem to 

find thc remainder, when. 

(i) 3x 3 — 10x 2 +13x— 6is 

dividcdby(x-2) 

Sol: 

Let P(x)=3x 3 -10x 2 + I3x-6 

When P(x) is divided by x - 2 by 
remainder theorem, the remainder is: 

R = P(2) = 3(2) 3 - 1 0(2) 2 + 1 3(2) - 6 
=3(8) -10(4) +26-6 
=24- 40+ 26-6 
= 50-46 
=4 


(ii) 4x 3 -4x+3is divided by(2x-l) 

Sol: 

Let P(x)=4x 3 -4x+3 when P(x) is 
divided by 2x - 1 by remainder theorem, 
the remainder is 


R = P 

fl) 

=4 

fl) 

- 4 rii 


v2, 


kV 

U J 


h] 

2 

1 + 2 


2 




R 


3 
2 

(iii) 6x 4 +2x 3 -x + 2 is divided by 
(x + 2) 

Sol: 

Let P (x) = 6x 4 + 2x 3 -x + 2 when P(x) is 
divided by x + 2 by remainder theorem, 
the remainder is 

R=P(-2) =6(-2) 4 +2(-2) 3 -(-2) +2 

= 6 ( 1 6 ) + 2 (— 8 ) + 2+2 
=96-16+4 
= 80+4 
R =84 

(iv) (2x-l) 3 +6(3+4 x) 2 -10 is 
divided by 2x + 1 

Sol: 

Let p(x) = (2x-l) 3 +6(3+4x) 2 -10 when 
P(x) is divided by 2x + 1 by remainder 
theorem, then remainder is 


( n 


< n 

\ 

3 


r-i]i 

— = 

2 


-1 

+ 6 

3 + 4 

l 2 ) 


s, 2 J 

\ 



2 JJ 


= (—1 — l) 3 +6(3 — 2) 2 -10 
=(- 2) 3 + 6 ( 1) 2 -10 
=- 8 + 6-10 
=-12 . 

(v) x 3 -3x 2 +4x-14 is divided by x + 2 

Sol: 

Let P(x) = x 3 -3x 2 +4x-14 whenP(x)is 
divided by x + 2 by remainder theorem, 
then remainder is 

R = P(-2) = (-2) 3 - 3(-2) 2 + 4(-2) - 1 4 

=-8-3(4)-8-14 
=-8—12—8—14 
=-42 


Q.2. 

(i) If (x+2) is a factor of 

3x 2 - 4kx - 4k 2 , then find the 
value(s) of k. 

Sol: 

Let P(x)=3x 2 -4kx -4k 2 
As given that x + 2 is a factor of P(x), so 
R = 0 

i.e. P(— 2) = 0 

So 3(— 2) 2 — 4k(-2)-4k 2 =0 

12+8k-4k 2 =0 

Dividingby4 

3+2k-k 2 =0 

3+3k-k-k 2 =0 

3(l+k)-k(l+k)=0 

(l+k)(3-k)=0 

=>l+k=0or3-k=0 

=>k=— 1 ork=3 

(ii) If (x -1) is factor of 

■r? — kx 2 +1 Ix -6 then find the value of k. 
Sol: 

P(x)=x 3 — kx 2 +llx— 6 

As given that x - 1 is a factor of P(x), so 


R 

= 0 


P(l) 

= 0 


(D 5 - 

k(l) 2 + 1 1(1) -6 = 

0 


1 — k+1 1—6 = 

0 


6-k = 

0 


=> k = 

6 

Q.3 

Without actual long division 


détermine whethcr 


0) 

(x - 2) and (x — 3) axe factors of P 


P(x) = x 3 — 12x 2 +44x 

-48 


Sol: 

P(x) = x 3 -12x 2 +44x-48 

Takingx-2 

R=P(2) 

= (2) 3 - 12(2) 2 + 44( 2) - 48 
= 8-12(4) + 88-48 
=8-48+88-48 
=0 

As the remainder is zéro, so (x - 2) is a 
factor of P(x) 

Now P(x) = xM2x 2 +44x-48 

Takingx-3 

R=P(3) 

= (3) 3 - 1 2(3) 2 + 44(3) - 48 
= 27 -12(9) + 132 -48 
= 27-108+132-148 
=3*0 

As the remainder is not equal to zéro, so 
(x-3) is not a factor of P(x). 

(ii) (x - 2), (x + 3) and (x - 4) are 
factors of q(x)=x 3 +2x 2 — 5x-6 

Sol: 

q(x) = x 3 +2x 2 -5x— 6 
Takingx-2 

R = q ( 2 ) = ( 2) 3 + 2 ( 2) 2 - 5 ( 2 ) -6 

= 8+ 2(4) -10-6 

R=0 

As the remainder is zéro 
so ( x - 2) is a factor of P( x) 

Nowq(x) = x 3 +2x 2 — 5x-6 
Takingx+3 


R=q(-3) 

= (— 3) 3 + 2(— 3) 2 - 5 (-3) — 6 
= -27 +2(9)+ 15—6 
= -27+18+15-6 
=0 

As the remainder is zéro, so (x + 3) is a 
factor of P(x) 

Nowq(x) = x 3 +2x 2 — 5x— 6 
Takingx-4 v 

R=q(4) 

= (4) 3 +2(4) 2 -5(4) -6 
= 64 + 2(1 6)-20-6 
=64+32- 20 -6 
=70*0 

As remainder is not equal to zéro, so x — 4 
is not a factor of P (x) 

Q.4 For what value of m is the 

polynomial P(x) =4x 3 —7 x" +6x —3m 

cxactly divisible by x + 2? 

Sol: 

m=? 

P(x) = 4x 3 — 7 x 2 + 6x — 3m 
Takingx+2 

As p(x) is exactly divisible by (x + 2), so 

R=0 

P(-2)=0 

4(-2) 3 - 7(— 2) 2 + 6(-2) - 3m=0 
4(-8)— 7(4)— 12— 3m=0 
-32-28-1 2-3m=0 
—72— 3m =0 
-3m =+72 


72 
m = — 

-3 

m=-24 

Q. 5 Détermine the value of k if 

P(x) = kx 3 + 4x 2 + 3x - 4 and 

q(x)=x 3 —4x + k. Leaves the sanie 
remainder when divided by x - 3. 

Soi: 

K = ? 

Whcn p(x) is divided by (x-3) by 
remainder thcorem then remainder is 

Ri = P(3) 

= k(3) 3 +4(3) 2 + 3(3) - 4 

=27k+36+9-4 

=27k+41 

Whcn q(x) is divided by (x-3) by 
remainder thcorem then remainder is 

R 2 =q(3) 

'y 

cf(x) = x~ -4 x + k 

= (3) 3 — 4(3)+k 
=27— 12+k 
=15 +k 

As given thaï when P(x) and q(x) are 
divided by x - 3, then remainder is same, 
so 

R, = R 2 
27k+4I =15+k 
27k -k =15-41 
26 k =-26 

k==“ 

26 

FFT 


Q.6 

The remainder of dividing the polynomial 
P(x) = x 3 +ax 2 +7 by (x + 1) is 2b. 
calculate the value of ‘a’ and ‘b’ if this 
expression leaves a remainder of (b + 5) 
on being divided by (x - 2) 

Sol: 

P(x)=x 3 +ax 2 +7 
The remainder by di viding 
P(x) by x + 1 is2b,so 
P(-l)=2b 

(-1) 3 -l-a(-l) 2 +7=2b 

-l+a+7=2b 

a+6=2b 

a-2b=-6 (i) 

Takingx - 2 

The remai nder by di vi ding 
P(x) by (x - 2) is (b + 5), so 
P(2)=b+5 

(2) 3 +a(2) 2 +7=b+5 

8+4a+7=b+5 

4a+15=b+5 

4a-b=5-15 


Multiplying (ii) by 2 

8a - 26 = -20 (iii) 

By Subtracting , (iii) front (i) 
a -2b = -6 
8a +2b = +20 
-7a =W 



Putting (1) 


ci — 2 b — — 6 
-2-2b = -6 
-2b = -6+2 
-2b = -4 
b = 2 

Q.7 The polynomial 

x 3 + Ix 2 +mx+ 24 has a factor (x + 4) 
and it leaves a remainder of 36 when 
divided by (x— 2). Find thc value of t 
and ni. 

Sol: 

Let P(x) = x’ + ôc 2 +mx + 24 
As (x + 4) is a factor of P(x), 

So remainder will bezero.i.e 

R=P(— 4)=0 v* 

PH)=o 

(-4 ) 3 + 1 (-4) 2 + m(-4) + 24 =0 
-64+1 6£ -4m +24=0 
16£— 4m-40=0 
16f-4m=40 
Dividingby4 
4f-m=10 (i) 

Now as given that P(x) is divided by (x - 2) 
leaves a remainder 36, so 
R =36 
i.e.P(2)=36 

(2) 3 + £ (2) 2 + m (2) + 24 = 36 

8 + 4f + 2m + 24 = 36 

4f+2m +32=36 

4f+2m=36-32 

4f +2m=4 

Dividing by 2 

2f+m=2 (ii) 


Adding (i)and(ii) 

4f-m=10 
21 +m= 2 

6 1 =Ï2 

£ -12 

6 

£ =2 

Putting value of T in (ii) 

2 £ + m =2 

2(2)+m=2 v 

m=2-4 

m =-2 

Q.8. The Expression fx 3 + mx 2 -4 leaves 
remainder of -3 and 12 when divided 
by (x— 1) and (x+2) respectivcly. 
Calculate the values of t and m. 

Sol: 

Let P(x)=fx 3 + mx 2 -4 

As given that P(x) when divided by x - 1 

leaves remainder -3, so 

£=— 3 

P(l)=-3 

f(l) 3 + m(l) 2 — 4=— 3 
f+m-4=-3 
£ +m =4-3 
£ +m=l (i) 

As given that P(x) when divided by (x + 2) 
leaves the remainder 12, so 
R=12 
P( — 2) =12 

£{-2Ÿ +m(-2) 2 - 4=12 
— 8é+4m-4=12 
-8f +4m=12+4 
-8f+4m=16 


Dividingby4 

-2^ + m=4 (ii) 

Subtracting (ii) from (i) 

(? + m=l 
— 2£ + m=4 
+ - - 

3£ =-3 

/ 

3 

* =-l 

Putting value of '£' in (i) 

^ + m=l 
-l+m=l 
m =1+1 

<-» v4 

m=2 

Q.9 The expression ax 3 -9x 2 +bx+ 3a 

is exactly divisible by x 2 -5x+6. Find 

the values of a and b 

Sol: 

Let P(x)=ax 3 -9x“+bx+3a 
Takingx 2 -5x+6 

= x 2 -2x-3x + 6 
= x(x -- 2) — 3( x — 2) 

=(x— 2)(x— 3) 

As given that P(x) is exactly divisible by 
(x - 2), so P(2)=0 

a(2) 3 - 9 (2) 2 + b(2) + 3a = 0 
8a — 36+2b+3a = 0 

1 la + 2b =36 (i) 

As given that P(x) is exactly divisible by 
x-3, so 
P(3) = 0 


a(3) 3 — 9(3) 2 +b(3) + 3a=0 
27a -8 1 + 3b + 3a = 0 
30a+3b=81 
Dividingby3 
10a + b=27 (ii) 

Multiplying (ii) by 2 and subtracting (i) 

from il . 

20a + 2b =54 
lla + 2b=36 


9a =18 
18 

a - — 

9 

a =2 

Putting value of 'a'in(ii) 

10a+b=27 

10(2)+ b =27 

b=27— 20 

b=7 


Rational Root Thëorem 


Let 

üqx' 1 + a { x n ~' + + a„_, x + a n = 0, % ï 0 

be a polynomial équation of degree n with. 
intégral coefficients. If p/q is a ralional 
root (expressed in lowcst ternis) ot the 
équation, then p is a factor of the constant 
term a n and q is a factor of the leading 
coefficient ao- 

Factorize the polynomial 
x 3 -4x 2 + x+6 , by using Factor 
Theorem. 

ÊEH2S3 

We hâve P(x ) = jt 3 — 4.x; 2 + x + 6 . 


Possible factors of the constant 
lerm p = 6 are ±1, ±2, ±3, and ±6 and of 
leading coefficient q = 1 are ±1. Thus the 
expectcd zéros (or roots) of P(x) = 0 are 

— = ±1, ±2, ±3 and ±6. Tf x = a is a zéro of 

Hence x = -l is a zéro of P(x) and 
thcrefore, 

x — (— 1) = (x+ 1) is a factor of P(x). 

Now P( 2) = (2) 3 - 4(2) 2 +2 + 6 
= 8—16+2+6 = 0 => x = 2 is a root. 

? 

P(x) , then(x— a) will bc a factor. 

We use the hit and trial method to 
find zéros of P(x). Let us try x = 1 . 

Hence (x— 2) is also a factor of P(x). 

Similarly P(3)= (3) 3 - 4(3) 2 +3 + 6 
= 27—36+3+6 = 0 => x = 3is a zéro 

Now P(l) = (l) 3 -4(1) 2 +1 + 6 

=1—4+1 +6 
= 4*0 

Hence x = 1 is not a zéro of P(x). 

Again P(-l) = (-1) 3 -4 (-1) 2 -1+6 

= —1—4—1 + 6 = 0 v> 

ofP(x). V 

Hence (x-3) is the third factor of P(x). 

Thus the factorized fonn of 

P(x) — x 3 — 4x 2 + x + 6 is 
(x+1) (x-2)(x— 3). 


Factorize each of the tollowlng cubic 

Putx=2 

polynomials by factor theorem. 

Q.l x , -2x 2 -x + 2 

P(2) = (2) 3 — 2(2) 2 — (2) + 2 
** =8— 8— 2+2 

LetP(x)=x 3 ~2x 2 -x+2 

£ 

O 

O 

Put x =1 

=0 

P(l) = (l) 3 - 2(1) 2 - (1 ) + 2 
=1 — 2—1+2 

=-3+3=0 

As, R = 0, 

So (x- l)is a factor 

Put x = — 1 

P( __ l)=( — l) 3 — 2(— l) 2 — ( — 1)+2 
= — 1 —2+1+2 

As R = 0, 

So (x - 2) is the third factor 

Hence P(x) = x 3 -2x 2 -x+2 
=(x -1) (x + 1) (x - 2) 

Q.2 x 3 - x 2 -22x+40 

Sol: 

Let P(x)=x 3 - x 2 -22x+40 

Put x = 1 

As R = 0, 

So (x+1 ) is the second factor of p(x). 

P(1 ) = (l) 3 - (l) 2 - 22(1) + 40 
=1-1-22+40 



=18*0 

Hencex -lisnot a zeroof P(x) 

Put x=-l 

P(— 1)=(— l) 3 — (— l) 2 — 22( — 1) +40 
=-1-1+22+40 
=60*0 

Hence x =- lis not a zéro of P(x) 
Put x=2 

P(2) =(2) 3 — (2) 2 —22(2) +40 
=8-4-44+40 = 0 
Hence x-2is a zeroof P(x) 
So(x-2)isafactor 

Putx=-2 

\ 

P(-2) = (-2) 3 - (— 2) 2 - 22(-2) + 40 
=-8-4+44+40 = 72 
Hencex =- 2 is not a zeroof P(x) 
Put x=3 

P(3) = (3) 3 - (3) 2 - 22(3) + 40 
=27-9-66+40 
= 67-75 
=— 8*0 

Hencex =3 is not a zéro of P(x) 
Putx=-3 

P( — 3) = (-3) 3 - (-3) 2 - 22(-3) + 40 
=-27 -9+66+40 
= 106-36 
=70*0 

Hence x =— 3is not a zéro of P(x) 
Putx=4 

P(4) = (4) 3 - (4) 2 - 22(4) + 40 
=64-16-88 +40 


= 104-104 
= 0 

Hence x=4is a zeroof P(x) 

So (x -4) is second factor 
Putx=-4 

P (- 4 )=(_ 4) 3 -{- A ) 2 - 22 (- 4)+40 
=- 64 - 16+88 +40 

= - 80+128 
= 48*0 

So, x=-4isnotazeroof P(x) 
Putx=5 

P(5) = (5) 3 - (5) 2 - 22(5) + 40 
=125 -25-110+40 
= 165-135 
=30*0 

So, x =5 is not a zeroof P(x) 

Put x = 5 

P(-5) = (-5) 3 - (5) 2 - 22(-5) + 40 
=-125-25+110+40 
= -150+150 
=0 

So, x=-5isazeroof P(x) 

Hence x + 5 is third factor of P(x) 
Hence P(x) = x 3 - x 2 - 22x + 40 
=(x— 2)(x— 4)(x+5) 

Q.3 x 3 -6x 2 +3x+10 

Sol: 

Let f P(x)=x 3 -6x 2 -6x 2 +3x+10 
Put x=l 

P(l)=(l) 3 -6(1) 2 +3(1)+10 

=1-6+3+10 


= 14-6 

= 8*0 

So, x = 1 is not a zéro of P(x) 

Put x = - 1 

P(-l)=(-l) 3 -6(-l) 2 +3(-l)+10 
=-1-6-3+10 
= - 10+10 
=0 

So, x = -1 is a zéro of P(x). 

Hence ( x + 1) is a factor of P(x) 

Putx=2 

P(2) = (2) 3 -6(2) 2 + 3(2) + 1 0 
=8-24+6+10 

= 24-24 
-0 

So, x = 2 is a zéro of P(x). 

Hence(x-2)is second factor of P(x) 

Put x = - 2 

P(-2)=(-2) 3 -6(-2) 2 + 3(-2)+l 0 
=-8-24-6+10 
=-28*0 

So, x=-2isnotazeroof P(x) 

Put x =3 

P(3)=(3) 3 -6(3) 2 +3(3) +10 
= 27-6(9)+9 + 10 
= 46-54 
=— 8*0 

So, x =3is not a zeroof P(x) 

Putx=— 3 

P(-3)=(-3) 3 -6(-3) 2 +3(-3)+10 
= -27 -6(9) -9 + 10 
= -90+10 
=-80*0 


So, x=-3isnotazeroof P(x) 

Put x=4 

P(4)=(4) 3 -6(4) 2 +3(4) +10 
= 64-6(16) + 12 + 10 
= 86-96 
=- 10*0 

So, x =4is not a zeroof P(x) 

Putx=-4 

P(-4) = M) 3 -6(-4) 2 + 3(— 4) + 10 
= -64 -6(16) -12 + 10 
= -64-96-12 + 10 
= -172+10 
= -162 
=-162*0 

Put x=5 

P£5)=(5) 3 -6(5) 2 +3(5)+10 
=125-150+15+10 
= 150-150 
=0 

So, x =5is a zeroof P(x) 

Hence(x— 5)is thirdfactor of P(x) 

HenceP(x)=x 3 -6x 2 +3x+10 

=(x+l)(x-2)(x-5) 

Q.4 x 3 + x 2 -10x+8 

Sol: 

Let P(x)=x 3 + x 2 -lOx +8 

Put X = 1 

P(l) =(1) 3 + (1) 2 — 10(1) +8 
= 1 + 1 - 10+8 
=0 

So, x =lisa zeroof P(x) 


Hence (x - 1) i s a factor of P( x) 

Put x=-l 

P(-l) = (-1) 3 + (-1) 2 - 10(-1) + 8 
=- 1 + 1 + 10+8 
=18*0 

So, x=-lisnotazeroof P(x) 

Putx=2 

P(2) = (2) 3 + (2) 2 - 1 0(2) + 8 
=8+4-20+8 
= 20-20 
=0 

So, x=2isazeroof P(x) 

Henccx-2 is second factor of P(x) 

Putx=-2 

P(-2) = (-2) 3 + (-2) 2 - 1 0C— 2) + 8 
=-8+4+20+8 
=24* 0 

So, x=-2isnotazeroof P(x) 

Putx=3 

P(3) =(3) 3 +(3) 2 -10(3) +8 
=27+9-30+8 
= 44-30 
=14*0 

Putx=— 3 

P(-3) = (-3) 3 + (-3) 2 - 1 0C— 3) + 8 
= -27+9 + 30+8 
= -27+47 
= 20*0 

So, x=-3isnotazeroof P(x) 

Putx=4 

P(4) = (4) 3 + (4) 2 - 1 0(4) + 8 


= 64+16 - 40 + 8 
= 88-40 
= 48*0 

So, x = 4is not a zéro of P(x) 

Put x =- 4 

PM) = (— 4) 3 + (-4) 2 - 1 0(-4) + 8 
=— 64+16+40+8 
=-64+64 
=0 

So, x=— 4isazeroof P(x) 

Hence x+4isthird factor of P(x) 
Hence P(x)=x 3 +x 2 -10x+8 
=(x— l)(x— 2)(x+4) 

Q.5 x j -2x 2 -5x + 6 

Sol: 

P(x) = x 3 -2x 2 -5x + 6 
Putx=l 

P(l)=(l) 3 — 2(1) 2 -5(1) +6 
=1— 2-5+6 
= 7-7 

=0 

So, x = 1 is a zéro of P( I ) 

Hence x - 1 is a factor of P(x) 

Put x =— I 

P(-l)=(-0 3 -2(-l) 2 -5(— 1)+6 
=-l -2+5+6 
= -3 + 11 
= 8*0 

So, x=-lisnotazeroof P(x) 
Putx=2 

P(2)=(2) 3 -2(2) 2 — 5(2)+6 


= 8 - 8 - 10+6 

=-4*0 

So, x = 2is not a zeroof P(x) 

Putx=-2 

P(— 2) = (-2) 3 - 2(-2) 2 - 5(-2) 
=- 8 - 8 + 10+6 
=0 

So, x =-2isa zeroof P(x) 

Hence (x + 2)is second factor of P(x) 

Putx=3 

P(3) = (3) 3 - 2(3) 2 - 5(3 ) + 6 
=27-18-15+6 
= 33-33 
=0 

So, x = 3 is a zéro of P(x) 

Hence (x - 3) is third factor of P(x) 

Hence P(x) = x 3 - 2x 2 -5x + 6 
— (x —1) (x+ 2)(x - 3) 

Q.6 x 3 +5x 2 — 2x-24 

Sol: 

Lel P(x) = x 3 +5x 2 - 2x - 24 

Put x =1 

P(l) = (l) 3 +5(1) 2 — 2(l)-24 
= 1 + 5-2-24 
= 6-26 
=- 20*0 

So, x = 1 is not a zéro of P( x) 

Put x=-l 

P( — 1)=(— I) 3 +5(— l) 2 — 2( — 1) — 24 
=-1+5+2-24 
= 7-25 


=-18*0 

So, x=-lis not a zéro of P( x ) 
Putx=2 

P(2)=(2) 3 +5(2) 2 — 2(2)-24 
=8+20-4-24 
= 28-28 

=0 

So, x =2 is a zéro of P(x) 

Hence (x - 2) is a factor of P(x) 
Putx=— 2 

P(-2) = (— 2) 3 + 5(-2) 2 - 2(-2) - 24 

= -8+5(4) + 4-24 
= -32+24 
=- 8*0 

So, x =- 2is not a zeroof P(x) 
Putx=3 

P(3) = (3) 3 + 5(3) 2 - 2(3) - 24 
= 27 +5(9) — 6-24 
= 72-30 
=42*0 

So, x=3is not a zeroof P(x) 
Putx=-3 

P(-3)=(-3) 3 +5(-3) 2 -2 (-3) -24 
=- 27 +45 +6-24 
= 51-51 
=0 

So, x=-3isa zeroof P(x) 

Hence (x + 3) is sec ond factor of P(x) 
Put x=4 

P(4) = (4) 3 + 5(4) 2 - 2(4) - 24 
= 64 + 5(16) -8 -24 
= 144-32 


=1 1 25*0 

So, x=4isnotazeroof P(x) 

Put x =-4 

P(- 4 )=(_ 4) 3 + 5 (- 4) 2 ~ 2 {- 4)-24 
= - 64 + 80 + 8-24 
=0 

So, x = -4isazeroof P(x) 

Hence (x + 4) is third factor of P(x) 

HenceP(x)=x 3 +5x 2 -2x-24 
=(x— 2')(x+3')(x+4) 

Q.7 3x 3 -x 2 -12x + 4 

Sol: P(x)=3x 3 -x 2 -12x +4 

Put x =1 

P(l) = 3(1) 3 - (l) 2 — 1 2(1) + 4 
=3-1-12+4 
= 7-13 
=- 6*0 

So, x=lisnotazeroof P(x) 

Put X = — 1 

P(-l)=3(-l) 3 -(-l) 2 — 12(— 1)+4 
=-3-1 + 12+4 
= -4+16 
= 12*0 

So, x =- lis nota zéro ofP(x) 

Putx=2 

P(2) = 3(2) 3 — (2) 2 - 1 2(2) + 4 
=24-4- 24+4 
= 28-28 
=0 

So, x=2isazeroof P(x) 

Hence (x - 2) is a factor of P(x) 


Put x = - 2 


P(— 2) = 3(-2) 3 - (-2) 2 - 1 2(-2) + 4 
=-24-4+24+4 
= -28 + 28 
=0 


So, x=-2isazeroof P(x) 

Hence (x + 2) is sec ond factor of P(x) 
Put 3x = l 



-i_i 

~9 9 
=0 


4+4 


So, x=-isazeroof P(x) 

Hence (3x - 1) is third factor of P(x) 

Hence P(x) = 3x 3 - x 2 - 1 2x + 4 
=(x-2)(x + 2)(3x-l) 

Q.8 2x 3 + x 2 -2x-l 


LetP(x)=2x 3 +x 2 -2x-1 
Putx=l 


P(l) = 2(1) 3 + a) 2 - 2(1) - 1 
= 2 + 1 — 2 — 1 
= 3-3 
=0 

So, x=lisazeroof P(x) 
‘Hence (x - 1) is a factor of P(x) 
Put x = — 1 


P(-l) = 2(-l) 3 + (-1) 2 - 2(— 1) - 1 
=- 2 + 1 + 2— 1 
= -1 +1 
=0 

So, x=-lisazeroof P(x) 

Hence (x + 1 ) is second factor of P(x) 
Put2x=l . 

1 



2 


So, x-2isnotazeroof P(x) 
-1 

Pllt x = — 




1 


V 


+-+ 1-1 

4 


1 1 i . 

= — +-+1-1 

4 4 

=0 

So, x=— isazeroof P(x) 

2 > 

Hence 2x + 1 is third factor of P(x) 

Hence P(x) = 2x 3 + x 2 - 2x - 1 
=(x-l)(x+l)(2x+l) 








1. 

The factor of x 2 -5x+6 are: 


(c) 

(a-b) (a+b) (a 2 -4b 2 ) 



(a) x +1, x - 6 (b) x - 2 , x— 3 


(d) 

(a-2b) (a 2 + 2b 2 ) 


À 

(c) x + 6, x — 1 (d) x +2 , x + 3 

5. 

What will be added to complété the 

J 

2 . 

Factors of 8x 3 + 27y 3 are: 


square of 9a 2 -12ab? 



(a) 

(2x+3y) (4x 2 -9y 2 ) 


(a) 

-16 b 2 (b) 

16 b 2 


(b) 

(2x-3y) (4x 2 - 9y 2 ) 


(c) 

4b 2 (d) 

^lb 2 


(c) 

(2x + 3y) (4x 2 - 6xy + 9y 2 ) 

6. 

Find m so that x" + 4x+m is a 


(d) 

(2x-3y) (4x 2 + 6xy + 9y 2 ) 


complété square: 


3. 

Factors of 3x 2 - x-2 are: 


(a) 

8 (b) 

-8 


(a) (x+1) (3x-2) (b) (x+1) (3x+2) 


(c) 

4 (d) 

16 


(c) (x- 

-1) (3x-2) (d) (x-1) (3x+2) 

7. 

Factors of 5x - 17xy — 12y are 

4. 

Factors of a 4 - 4b 4 are: 


(a) 

(x+4y) (5x+3y) 



(a) 

(a-b) (a+b) (a 2 +4b 2 ) 


(b) 

(x— 4y) (5x - 3y) 



(b) 

(a 2 -2b 2 ) (a 2 + 2b 2 ) 


(c) 

(x^ty) (5x + 3y) 




(d) 

(5x-4y) (x +3y) 




Factors of 27 x 3 — are. 

x 


(a) 


f 9x 2 +3+-^ 


K x) 

l x 2 J 

(b) 

3x + — 1 

(9x 2 +3 + -Ü 


l x) 

v x 2 y 


r n 

( 2 1 ï 

(c) 

3x — 

9x 2 -3 + -y 


L x) 

X ) 

(d) 

^3x + — 1 

f9x 2 -3+^ 


l x) 

V x 2 J 


If x - 2 is a factor of 
p(x) = x 2 +2kx+8, then K = 


(a) -3 (b) 3 

(c) 4 (d) 5 

4a 2 +4ab+( ) is a complété 

square 

(a) b 2 (b) 2b 

(c) a 2 (d) 4b 2 






U 




(d) 


Vy 


^3 

x v ' 

- + — 


\y x J 


\y x J 




12. (x+y) (x 2 - xy + y 2 ) = 

(a) x 3 - y 3 (b) x 3 + y 3 

(c) (x+y) 3 (d) (x - yÿ 

13. Factors of x 4 - 16 is 

(a) (x-2) 2 

(b) (x-2) (x+2) (x 2 +4) 

(c) (x-2) (x+2) 

(d) (x+2) 2 

14. Factors of 3x - 3a + xy - ay. 

(a) (3+y) (x-a) 

(b) (3— y) (x+a) 

(c) (3— y) (x-a) 

(d) (3+y) (x+a) 

15. Factors of pqr + qr 2 - pr 2 - r 3 i\j 
(a) r(p+r) (q— r) (b) r(p-r)(q + r) 
(c) r(p-r) (q-r) (d) r(p+r) (q+r) 


Answer Ke 


1. 

b 

2. 

C 

3. 

d 

4. 

b 

5. 

C 

6. 

C 

7. 

C 

8. 

a 

9. 

a 

10. 

a 

11. 

a 

12. 

b 

13. 

b 

14. 

a 

15. 

a 


